Hansen's disease is caused by an infection with an intracellular pathogen, Mycobacterium leprae , which mainly inhabits macrophages and Schwann cells. However, little is known about the survival or growth mechanisms of the bacilli in mouse and human macrophages. In the present study, by using radiorespirometry analysis for the evaluation of the viability of M.leprae , we observed that in vitro incubation of M.leprae -infected macrophages at 35°C was more growth permissive than at 37°C, and supplementation with the immunosuppressive cytokine IL-10 supported the survival of the bacilli in the macrophages for 3 weeks, whereas viability of the bacilli was gradually lost if cultured without IL-10. In human macrophages, M.leprae retained its viability when cultured at 35°C for at least 4 weeks without IL-10. However, the viability of M.leprae was almost lost within 2 weeks if cultured at 37°C. These data suggest that temperature is a crucial factor for the survival of M.leprae in host cells.
Introduction
Hansen's disease is caused by an infection with Mycobacterium leprae . M.leprae is an intracellular pathogen, mainly residing in macrophages and Schwann cells. In patients, M.leprae is predominantly observed in the skin, nasal mucosa and peripheral nerves, particularly the more superficial ones. This clinical observation suggests that the optimal temperature of M.leprae for survival in human cells is less than 37°C 1) . In animal models, M.leprae multiplies in the mouse footpad where the temperature is lower than the core temperature, and the optimal temperature for the growth of M.leprae is reported to be in the range of several degrees above and below 30°C 2) .
From another aspect, the growth of M.leprae were removed by washing and the cultures were incubated in 1.0 ml media supplemented with the appropriate cytokine in 5% CO2 at the appropriate experimental temperatures 9) . Media were changed and cytokines were replenished at 5 days interval.
Radiorespirometry: The macrophages were lysed with 0.1 N NaOH to release the phagocytosed M.leprae , and the viability of the bacilli was determined by evaluating the oxidation of 14 C-palmitic acid to 14 CO2 by radiorespirometry as described previously 11) . Total isotope release was usually analyzed after one week of incubation at 31°C 9) .
Staining of M.leprae -infected macrophages:
Coverslips of M.leprae -infected adherent and at 37°C. So the viability at day 0 is considered equal. After 7 days and 13 days incubation period, the cells were lysed to obtain M.leprae and metabolism of the bacilli was assessed by radiorespirometry (dpm: disintegrations per minute). 
M.leprae phagocytosed by macrophage cultured
at 35°C and at 37°C (data not shown). Viability of M.leprae was assessed after 7 and 13 days. The results clearly showed that the viability of M.leprae incubated at 35°C was maintained, whereas the viability was lost if cultured at 37°C (Fig. 4) . Next, M.leprae -infected human M-and GM-macrophages were cultured for prolonged periods at 35°C.
Viability was sustained well for 4 weeks in human macrophages, especially in M-macrophages (Fig.   5 ).
Discussion
In vivo M.leprae is able to enter and survive in a wide variety of tissues and cell types 12) .
The preferred host cell for the leprosy bacillus appears to be the macrophages and a number of weeks. In the cell culture system, temperature is an extremely important factor for growth and 31-33°C incubation temperature is more permissive than 37°C 5) . In the present study, we further observed that incubation of mouse macrophages infected with M.leprae at 35°C was also more growth permissive than at 37°C. We chose 35°C
as the incubation temperature, and not 31°C, because the maintenance of the integrity of the macrophage monolayer was better at 35°C than at 31-33°C. Moreover, the monolayer of M.lepraeinfected human macrophages at 31-33°C could not be maintained for longer than one week. We observed that maintenance of the monolayer was good at 35°C, and M.leprae at 35°C was also more growth permissive than those at 37°C in human macrophages (Fig. 4 and 5 ). Our starting inoculum of M.leprae was freshly obtained for each experiment from infected nu/nu mice. We also were able to rapidly quantify the metabolic activity of M.leprae using the radiorespirometry technique adapted by Franzblau 11) . This assay is accurate and highly sensitive with the results available in a short duration of 1 wk (compared to 6-12 months when titrated in mouse footpads). Radiorespirometry data correlates well with other in vitro systems 11) but, more importantly, the data correlated well with "viability" as observed in the mouse footpad system 12) .
Various clinical evidence suggests that M.leprae prefer a growth temperature of less than 37°C 1) . In animal models, M.leprae multiplies in the mouse foot pad where the temperature is lower than the body temperature 2) . In addition, Dasypus novemcinctus , the nine-banded armadillo has a core temperature of ~33°C, which renders it permissive as a host for the leprosy bacillus 13) .
Mononuclear phagocytes in virtually every organ of the natural or experimentally infected armadillo become heavily parasitized with propagating M. leprae 14) . Whether intracellular or extracellular, M.leprae clearly prefers temperatures cooler than normal human body temperature 12) , and 37°C 15) and reactive nitrogen intermediates 16) , and has been shown to enhance the intracellular growth of M.tuberculosis in human monocytes 17) . However, in the present studies with mouse macrophages, exogenous TGF-β had no detectable effect on sustaining intracellular M.leprae viability, and in fact decreased the viability (Table 1 ). In contrast, supplementing media with IL-10 clearly affected the long term viability of M.leprae in mouse macrophages (Fig. 3) . IL-10 is produced by T cells, B cells and macrophages 18, 19) . IL-10 has been shown to be a potent down-regulator of cell-mediated immunity to intracellular pathogens 20) . In vivo , endogenous IL-10 dampened the cell-mediated immune response to avirulent mycobacterial infection 4) and appeared to lead to loss of control of M.tuberculosis infection with widespread dissemination 21) . IL-10 functions in part at the level of the macrophage by attenuating iNOS mRNA expression, iNOS activity and, by inference, NO production 22) . In human macrophages, however, the viability of M.leprae was maintained for 4 weeks in the absence of IL-10 ( Fig. 5) , suggesting that human cells seem to be better hosts than mouse cells for M.leprae survival. Viability of M.leprae in M-macrophages seems to be maintained for a longer period (up to one month) than that in GM-macrophages (Fig. 5) . One of the reasons for this may be due to the production of IL-10 by M-macrophages 23) , although the mechanism by which IL-10 contributes to the maintenance and growth of M.leprae is unclear.
In conclusion, the present study showed that the metabolism, and presumably the viability, of M.leprae could be sustained under culture conditions at 35°C, which is also a moderate temperature necessary to maintain the integrity of macrophages. 
